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A specific male olfactory sensillum detects
behaviorally antagonistic hairpencil odorants
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&KHPLFDO VLJQDOV UHSUHVHQW DQ LPSRUWDQW VRXUFH RI
LQIRUPDWLRQ IURP DQ RUJDQLVP¶V HQYLURQPHQW ,Q
PDQ\ VSHFLHV RI PRWK FRQVSHFLILF SKHURPRQH
VLJQDOV SURGXFHG E\ IHPDOHV KDYH EHHQ VKRZQ WR
HOLFLW XSZLQG IOLJKW DQG PDWLQJ DWWHPSWV E\ PDOHV
&DUGp DQG %DNHU  .HQQHG\ DQG 0DUVK
 .HQQHG\ HW DO  .HQQHG\ HW DO 
5RHORIV HW DO  $GGLWLRQDOO\ EHKDYLRUDO
VWXGLHV KDYH VKRZQ WKDW PDOHV DQG IHPDOHV RI
PDQ\ VSHFLHV RIWHQ HQJDJH LQ FRXUWVKLS EHKDYLRUV
RQFH WKH PDOH DUULYHV LQ WKH SUR[LPLW\ RI WKH
IHPDOH +HDWK HW DO  -DFTXLQ HW DO 
5DLQD DQG 6WDGHOEDFKHU  7HDO HW DO 
&KHPLFDO DQDO\VHV KDYH GHPRQVWUDWHG WKDW PDOHV
RI VHYHUDO PRWK VSHFLHV UHOHDVH RGRUV GXULQJ
FRXUWVKLS WKDW KDYH DSKURGLVLDF HIIHFWV RQ IHPDOH
FRQVSHFLILFV DQG UHSHOOHQW HIIHFWV RQ WKH
IHPDOHVHDUFK EHKDYLRU RI FRQVSHFLILF PDOHV
%LUFK  %LUFK DQG +HIHW]  %LUFK HW DO
 +LOOLHU DQG 9LFNHUV  7KH VHQVRU\
SK\VLRORJ\ RI PDOH DQWHQQDO ROIDFWRU\ UHFHSWRU
QHXURQV WXQHG WR IHPDOHSURGXFHG VH[
SKHURPRQH FRPSRQHQWV KDV EHHQ ZHOO VWXGLHG
EXW QR UHSRUWV KDYH GRFXPHQWHG FKHPRVHQVRU\
FHOOV WXQHG WR GLVWLQFWLYHO\ PDOHSURGXFHG RGRUV
LQ PDOH PRWKV +LOGHEUDQG DQG 6KHSKHUG 
&KULVWHQVHQHWDO










,Q WKH WREDFFR EXGZRUP Heliothis virescens )
/HSLGRSWHUD 1RFWXLGDH PDOHV UHOHDVH D EOHQG
RI  DQG  FDUERQ FKDLQ DFHWDWHV DOFRKROV DQG
FDUER[\OLF DFLGV IURP HYHUVLEOH DEGRPLQDO VFHQW
EUXVKHV KDLUSHQFLOV GXULQJ FRXUWVKLS ZLWK
FRQVSHFLILF IHPDOHV 7DEOH  +HQGULFNV DQG
6KDYHU  5DLQD DQG 6WDGHOEDFKHU  7HDO
DQG 7XPOLQVRQ  7KH VSHFLILF UDWLR RI
FRPSRQHQWV ZLWKLQ WKLV EOHQG LV UHTXLUHG IRU PDWH
DFFHSWDQFH E\ IHPDOHV DOORZLQJ IRU
GLVFULPLQDWLRQ EHWZHHQ DSSURSULDWH VXLWRUV DQG
PDOHV RI RWKHU VSHFLHV ZLWK VLPLODU KDLUSHQFLO
HIIOXYLD +LOOLHU DQG 9LFNHUV  3UHYLRXV ZRUN
KDV GHPRQVWUDWHG WKDW DGXOW PDOH H. virescens
PRWKV HQJDJH LQ IHZHU PDWLQJ DWWHPSWV ZLWK
IHPDOHV ZKHQ FRQVSHFLILF KDLUSHQFLO H[WUDFW LV
SUHVHQWHG VLPXOWDQHRXVO\ RQ D ILOWHU SDSHU GLVF
7KLV EHKDYLRUDO REVHUYDWLRQ VXJJHVWHG WKDW UHOHDVH
RI KDLUSHQFLO RGRUV E\ H. virescens PDOHV VHUYHV D
GXDO UROH GXULQJ FRXUWVKLS SURGXFLQJ TXLHVFHQFH
LQ FRXUWHG IHPDOHV WR IDFLOLWDWH PDWLQJ DQG
UHSXOVLRQ RI FRPSHWLQJ PDOHV +LOOLHU DQG 9LFNHUV

:LWKLQ WKH LQVHFW DQWHQQDO OREH ROIDFWRU\ UHFHSWRU
QHXURQV ZLWK VLPLODU RGRUDQW VSHFLILFLW\ V\QDSVH
ZLWK DQWHQQDO OREH QHXURQV LQ GLVWLQFW EXQGOHV RI
QHXURSLO NQRZQ DV JORPHUXOL %HUJ HW DO 
+DQVVRQ HW DO  ,Q H. virescens PDOHV WKH
PDFURJORPHUXODU FRPSOH[ LV D FOXVWHU RI 
VH[XDOO\GLPRUSKLF JORPHUXOL SUHVHQW DW WKH EDVH
RI WKH DQWHQQDO QHUYH VSHFLDOL]HG IRU SURFHVVLQJ
IHPDOHSURGXFHG SKHURPRQH FRPSRQHQWV DV ZHOO
DV SKHURPRQHV UHOHDVHG E\ FORVHO\ UHODWHG VSHFLHV
%HUJ HW DO  &KULVWHQVHQ HW DO  9LFNHUV
HW DO  )HPDOH H. virescens GR QRW KDYH D
PDFURJORPHUXODU FRPSOH[ EXW LQVWHDG KDYH WZR
HQODUJHG µIHPDOHVSHFLILF¶ JORPHUXOL DW WKH EDVH RI
WKH DQWHQQDO QHUYH WKH FHQWUDO DQG PHGLDO ODUJH
IHPDOH JORPHUXOL %HUJ HW DO  +LOOLHU HW DO
 5HFHQWO\ WKH RGRUDQW DIILQLW\ RI ROIDFWRU\
UHFHSWRU QHXURQV WHUPLQDWLQJ LQ VHYHUDO VH[XDOO\
LVRPRUSKLF JORPHUXOL ZLWKLQ WKH IHPDOH H.
virescens DQWHQQDO OREH ZDV LQYHVWLJDWHG WKURXJK
FXWWLS VHQVLOODU UHFRUGLQJ ZLWK FREDOWO\VLQH
VWDLQLQJ 2OIDFWRU\ UHFHSWRU QHXURQV VHQVLWLYH WR
KDLUSHQFLO FRPSRQHQWV IHPDOH VH[ SKHURPRQHV
DQG SODQW YRODWLOHV ZHUH FKDUDFWHUL]HG DQG WKHLU
DVVRFLDWLRQV ZLWK VSHFLILF JORPHUXOL GHWHUPLQHG
+LOOLHUHWDO
7KH JRDO RI WKH FXUUHQW VWXG\ ZDV WR IXUWKHU
LQYHVWLJDWH WKH SK\VLRORJLFDO DQG EHKDYLRUDO
HIIHFWV RI H. virescens KDLUSHQFLO RGRUDQWV RQ
PDOHV RI WKLV VSHFLHV 2OIDFWRU\ UHFHSWRU QHXURQV
ZHUH DQDO\]HG IRU WKHLU UHVSRQVHV WR FRPSRQHQWV
RI WKH PDOH KDLUSHQFLO EOHQG XVLQJ VLQJOH
VHQVLOOXP UHFRUGLQJ DQG SURMHFWLRQV WR WKH
DQWHQQDO OREH ZHUH GHWHUPLQHG XVLQJ D
FREDOWO\VLQH VWDLQLQJ WHFKQLTXH +DQVVRQ HW DO
 .DLVVOLQJ  7RGG HW DO  :LQG
WXQQHO H[SHULPHQWV ZHUH VXEVHTXHQWO\ FRQGXFWHG
WR GHWHUPLQH LI SK\VLRORJLFDOO\ DFWLYH RGRUDQWV




0DOH PRWKV XVHG IRU VLQJOH VHQVLOOXP UHFRUGLQJ
DQG ZLQG WXQQHO DVVD\V ZHUH REWDLQHG IURP WKH H.
virescens FRORQ\PDLQWDLQHGDWWKH8QLYHUVLW\RI
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6KRUH\ DQG +DOH  XQWLO SXSDWLRQ 3XSDH
ZHUH VRUWHG E\ VH[ DQG VHSDUDWHG LQWR GLIIHUHQW
HQYLURQPHQWDOO\ FRQWUROOHG FKDPEHUV 3HUFLYDO
6FLHQWLILF ZZZSHUFLYDOVFLHQWLILFFRP $GXOWV
ZHUH NHSW DW &  UHODWLYH KXPLGLW\ RQ D
UHYHUVHGOLJKWF\FOH/'XQWLOHFORVLRQ
Chemicals
2GRUDQWV ZHUH VHOHFWHG IRU HOHFWURSK\VLRORJ\ DQG
EHKDYLRUDO H[SHULPHQWV EDVHG RQ WKH SUHYLRXVO\
LGHQWLILHG KDLUSHQFLO FRPSRVLWLRQ RI PDOH H.
virescens 7DEOH  7HDO DQG 7XPOLQVRQ 
&RPSRXQGV IRXQG LQ WKH KDLUSHQFLO JODQGV ZHUH
REWDLQHG IURP 'U -DPHV 7XPOLQVRQ 'HSDUWPHQW
RI (QWRPRORJ\ 7KH 3HQQV\OYDQLD 6WDWH
8QLYHUVLW\ 8QLYHUVLW\ 3DUN 3$ DQG 6LJPD
$OGULFKZZZVLJPDDOGULFKFRP








)RXU FRPSRQHQWV RI IHPDOH KHOLRWKLQH VH[
SKHURPRQHVZHUHDOVRXVHGLQWKLVVWXG\
ZKH[DGHFHQ\O DFHWDWH =±2$F D
EHKDYLRUDO DQWDJRQLVW WR H. virescens PDOHV
SURGXFHG E\ Heliothis subflexa *XHQpH IHPDOHV
9LFNHUV DQG %DNHU  $ W\SH  VHQVLOOXP RQ
IHPDOH H. virescens DQWHQQDH ZDV DOVR IRXQG WR
UHVSRQG WR =±2$F 2$F DQG 2$F
+LOOLHUHWDO
ZKH[DGHFHQDO =±$OG ZKLFK LV D PDMRU
FRPSRQHQW RI WKH IHPDOH H. virescens VH[
SKHURPRQHEOHQG
ZWHWUDGHFHQDO =±$OG ZKLFK LV D PLQRU
FRPSRQHQW RI WKH IHPDOH H. virescens VH[
SKHURPRQH EOHQG DQG LV UHTXLUHG LQ D PL[WXUH
ZLWK=±$OGWRDWWUDFWPDOHV
ZKH[DGHFHQRO =±2+ D
EHKDYLRUDOO\ LQQRFXRXV RGRUDQW IRXQG LQ IHPDOH
H. virescens SKHURPRQH JODQG H[WUDFWV.OXQHW
DO  .OXQ HW DO  3RSH HW DO 
5RHORIV HW DO  7HDO HW DO  7XPOLQVRQ HW
DO  7LQJOH HW DO  9HWWHU DQG %DNHU

)HPDOH VH[ SKHURPRQH FRPSRQHQWV ZHUH
REWDLQHG IURP %HGRXNLDQ 5HVHDUFK ,QF
ZZZEHGRXNLDQFRP 6ROXWLRQV ZHUH GLOXWHG DV
D GHFDGH VHULHV QJPJ LQ KH[DQH DQG VWRUHG DW
ï& ZLWK WKH H[FHSWLRQ RI 2+ 2+
22+ DQG 22+ WKDW VROLGLI\ DW URRP
WHPSHUDWXUH DW FRQFHQWUDWLRQV DERYH  ƫJ
6DPSOHV RI VWRFN VROXWLRQV ZHUH FRQILUPHG DV
! SXULW\ E\ LQMHFWLRQ RQWR D 6KLPDG]X *& $
JDV FKURPDWRJUDSK ZZZVKLPDG]XFRP
HTXLSSHG ZLWK D  P [  PP ,' '%
FDSLOODU\FROXPQ
Single sensillum recording
(OHFWURSK\VLRORJLFDO FKDUDFWHUL]DWLRQ RI VHQVLOOD
ZDV FRQGXFWHG XVLQJ D FXWVHQVLOOXP WHFKQLTXH
.DLVVOLQJ  0DOH PRWKV ZHUH VHFXUHG ZLWK
GHQWDO ZD[ LQ PO GLVSRVDEOH SLSHWWHV DQG
PRXQWHG WR D GHSUHVVLRQ VOLGH 7KH WLS RI WKH
DQWHQQD ZDV IDVWHQHG KRUL]RQWDOO\ WR WKH VLGH RI
WKH VOLGH XVLQJ ZDWHUVROXEOH FRUUHFWLRQ IOXLG
/LTXLG 3DSHU 3DSHU 0DWH 2QFH PRXQWHG D
UHIHUHQFH VLOYHUFKORULGH HOHFWURGH ZDV LQVHUWHG
LQWR WKH FRQWUDODWHUDO H\H 0RWKV ZHUH SODFHG
XQGHU D FRPSRXQG PLFURVFRSH DQG DQWHQQDO
VHQVLOOD REVHUYHG DW  ; 6H[XDOO\ LVRPRUSKLF
VKRUW WULFKRLG VHQVLOOD OHQJWK ± ƫP DQG
GLDPHWHU  ƫP ZHUH VHOHFWHG IURP WKH
PLGYHQWUDO VLGH RI DQ DQWHQQDO VHJPHQW DQG FXW
XVLQJ D UHVRQDWLQJ JODVV FDSLOODU\ PRXQWHG WR D
SHL]R FU\VWDO DWWDFKHG WR D IXQFWLRQ JHQHUDWRU
*|GGH  +LOOLHU HW DO  2QFH FXW D
VDOLQHILOOHG JODVV FDSLOODU\ HOHFWURGH ZDV
SRVLWLRQHG RYHU WKH VHQVLOOXP XVLQJ D
PLFURPDQLSXODWRU DQG HOHFWULFDO FRQWDFW PDGH
ZLWKWKHVHQVLOOXP
6HQVLOOD ZHUH VFUHHQHG XVLQJ WKH RGRUDQW DUUD\ IRU
SK\VLRORJLFDO DFWLYLW\ )ROORZLQJ LGHQWLILFDWLRQ RI
SK\VLRORJLFDOO\ DFWLYH VHQVLOOD LI VLJQDOWRQRLVH
ZDV VWLOO VDWLVIDFWRU\ GRVDJHUHVSRQVH VHULHV ZHUH
SHUIRUPHG ZLWK VWLPXOL UDQJLQJ IURP  ƫJW RP J 
6LJQDOV ZHUH DPSOLILHG ; (5 &\JQXV
7HFKQRORJ\ ZZZF\JQXVWHFKFRP ILOWHUHG
+80%8* 4XHVW 6FLHQWLILF
ZZZTXHVWVFLFRP DQG GDWD UHFRUGHG GLUHFWO\ WR
DFRPSXWHUXVLQJ/DEYLHZ VRIWZDUH
Odorant stimulation
6WLPXOXV FDUWULGJHV ZHUH PDGH E\ DSSO\LQJ  ƫO
RIDQRGRUDQWWRD[PPSLHFHRIILOWHUSDSHU
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ZDV LQVHUWHG LQWR D  PO V\ULQJH 6WLPXOXV
FRQFHQWUDWLRQV LQ HDFK FDUWULGJH UDQJHG EHWZHHQ
 QJ DQG  PJ $ FRQWLQXRXV IORZ  /PLQ RI
FKDUFRDOILOWHUHG KXPLGLILHG DLU ZDV EORZQ RYHU
WKH DQWHQQD 6WLPXOXV SXOVHV ZHUH FUHDWHG E\
VZLWFKLQJ D FRQWLQXRXV IORZ EHWZHHQ DQ H[KDXVW
SRUW DQG DQ RGRU FDUWULGJH XVLQJ D VROHQRLG YDOYH
DQG YDOYH GULYHU 3DUNHU+DQQDILQ
ZZZSDUNHUFRP &RQWLQXRXV DQG VWLPXOXV DLU
FRQYHUJHG LQ D PL[LQJ FKDPEHU  PP ORQJ [ 
PP LQQHU GLDPHWHU WKH H[LW RI ZKLFK ZDV
SRVLWLRQHG  PP IURP WKH LQVHFW¶V DQWHQQD
6WLPXODWLRQ ZDV DXWRPDWLFDOO\ FRQWUROOHG XVLQJ
FXVWRP VRIWZDUH ZULWWHQ LQ /DEYLHZ 
1DWLRQDO ,QVWUXPHQWV ZZZQLFRPODEYLHZ
)RU HDFK VHQVLOOXP WHVWHG RGRUDQWV ZHUH
SUHVHQWHG LQ UDQGRP RUGHU ZLWK  VHFRQGV
HODSVHG EHWZHHQ HDFK VWLPXODWLRQ WR SUHYHQW
DGDSWDWLRQ 6HQVLOOD ZHUH VFUHHQHG IRU VHQVLWLYLW\
XVLQJ  ƫJ RI HDFK VWLPXOXV DQG KH[DQH ZDV
XVHG DV D FRQWURO VWLPXOXV 6WLPXODWLRQ ZDV D
VHULHV RI  [  PV SXIIV VHSDUDWHG E\  VHFRQG
HDFK  VHFRQGV SUHVWLPXODWLRQ DQG  VHFRQG
SRVWVWLPXODWLRQ ZHUH UHFRUGHG UHVXOWLQJ LQ 
VHFRQGV WRWDO UHFRUGLQJ WLPH $ PDLQHIIHFWV
$129$ ZDV XVHG WR GHWHUPLQH VLJQLILFDQW
GLIIHUHQFHV LQ VSLNH IUHTXHQF\ ZLWK FRQFHQWUDWLRQ
QHVWHG ZLWKLQ RGRUDQW 0HDQV ZHUH VHSDUDWHG
XVLQJ)LVKHU¶V/6'7HVWS
Staining of sensory projections and 3-D
reconstructions
,Q PDQ\ FDVHV RQFH WKH SK\VLRORJLFDO DFWLYLW\ RI D
VHQVLOOXP ZDV FKDUDFWHUL]HG DWWHPSWV ZHUH PDGH
WR LGHQWLI\ WKH D[RQDO SURMHFWLRQV RI ROIDFWRU\
UHFHSWRU QHXURQV ZLWKLQ WKH VHQVLOOXP WR
JORPHUXOL LQ WKH DQWHQQDO OREH $ JODVV FDSLOODU\
ILOOHG ZLWK D VROXWLRQ RI FREDOWO\VLQH  J
FREDOWRXV FKORULGH ZLWK  J /O\VLQH LQ  PO RI
GLVWLOOHG ZDWHU ORZHUHG WR D S+ RI ± XVLQJ
FRQFHQWUDWHG +&O ZDV SODFHG RYHU WKH FXWWLS RI
WKH VHQVLOOXP 7KH VHQVLOOXP ZDV VWLPXODWHG ZLWK
D  PV  +] µSXII¶ RI DQ H[FLWDWRU\ RGRUDQW IRU
 PLQXWHV DQG WKH JODVV FDSLOODU\ ZDV OHIW LQ
FRQWDFWZLWKWKHVHQVLOOXPIRUDWRWDORIRQHKRXU
,QVHFWV ZHUH SODFHG LQ D 3HWUL GLVK ZLWK D SLHFH RI
PRLVWHQHG SDSHU WRZHO DQG SXW LQ D &
UHIULJHUDWRU $IWHU  KRXUV WKH EUDLQV ZHUH
UHPRYHG DQG IL[HG LQ D  (WKDQRO $FHWLF DFLG
 )RUPDOGHK\GH  VROXWLRQ IRU  KRXUV
DQG VXEVHTXHQWO\ VXEMHFWHG WR VLOYHU
LQWHQVLILFDWLRQ 7LPP  IRU ± PLQXWHV
%UDLQV ZHUH VHULDOO\ GHK\GUDWHG HPEHGGHG LQ
6SXUUV UHVLQ (OHFWURQ 0LFURVFRS\ 6FLHQFHV )W
:DVKLQJWRQ 3$ VHFWLRQHG DW  ƫP DQG
PRXQWHG RQ PLFURVFRSH VOLGHV %HIRUH
FRYHUVOLSSLQJ VHFWLRQV ZHUH FRXQWHUVWDLQHG XVLQJ
D PRGLILHG VROXWLRQ RI /HH¶V 0HWK\OHQH %OXH%DVLF
)XFKVLQ VROXWLRQ PHWK\OHQH EOXH $]XUH ,, LQ
ERUDWH  %DVLF )XFKVLQ LQ  HWKDQRO
 HWKDQRO    /HH HW DO  6HFWLRQV
ZHUH H[DPLQHG DW ± ; DQG GLJLWDO LPDJHV
ZHUH WDNHQ XVLQJ DQ DWWDFKHG 2SWURQLFV
0LFURILUH ZZZRSWURQLFVFRPFDPHUD
'LJLWDO LPDJHV ZHUH WDNHQ DW ; DV VHULDO
VHFWLRQV WKURXJK WKH DQWHQQDO OREHV WR LGHQWLI\ WKH
JORPHUXODU WDUJHWV RI FREDOWO\VLQH VWDLQHG
ROIDFWRU\ UHFHSWRU QHXURQV IURP VHOHFWHG VHQVLOOD
7,)) ILOHV ZHUH LPSRUWHG WR $0,5$ 70
,QGHHG *PE+ %HUOLQ
KWWSZZZDPLUDYLVFRP DQG VXEMHFWHG WR
LPDJH VHJPHQWDWLRQ WR GHOLQHDWH ERXQGDULHV RI
WKH DQWHQQDO OREH DQG LQGLYLGXDO JORPHUXOL DORQJ
ZLWK WKH VWDLQHG ROIDFWRU\ UHFHSWRU QHXURQV 7KLV
SHUPLWWHG LQGLYLGXDO ODEHOLQJ DQG '
UHFRQVWUXFWLRQ RI WKH DQWHQQDO OREH VWUXFWXUH
5HFRQVWUXFWLRQV ZHUH FRPSDUHG WR WKH H.
virescens DQWHQQDO OREH DWODV %HUJ HW DO 
6HOHFWHG LPDJHV ZHUH H[SRUWHG WR $GREH
3KRWRVKRSWRDGMXVWFRQWUDVWDQGEULJKWQHVV
Wind tunnel experiments
&RKRUWV ± GD\V ROG RI PDOH PRWKV ZHUH
VHOHFWHG IRU ZLQG WXQQHO H[SHULPHQWDWLRQ 7KH
FKDUDFWHULVWLFV RI WKH ZLQG WXQQHO KDYH EHHQ
GHVFULEHG SUHYLRXVO\ 9LFNHUV  %ULHIO\ WKH
ZRUNLQJ VHFWLRQ RI WKH ZLQG WXQQHO ZDV  [ 
[  P / [ + [ : ,OOXPLQDWLRQ ZDV SURYLGHG
E\ RQH UHG DQG RQH ZKLWH LQFDQGHVFHQW EXOE HDFK
FRQWUROOHG E\ D UKHRVWDW (QYLURQPHQWDO
SDUDPHWHUV LQ WKH ZLQG WXQQHO ZHUH DV IROORZV
ZLQG VSHHG  ±  PV WHPSHUDWXUH
±&UHODWLYHKXPLGLW\±
,QGLYLGXDO PDOH LQVHFWV ZHUH SODFHG LQ ZLUH FDJHV
 FP GLDPHWHU [  FP KLJK ZLWKLQ D SODVWLF
FRQWDLQHU EHIRUH VFRWRSKDVH RQ WKH GD\ RI
H[SHULPHQWDWLRQ &RQWDLQHUV ZHUH UHWXUQHG WR DQ
HQYLURQPHQWDO FKDPEHU XQWLO WKH QG KRXU RI
VFRWRSKDVH ,QVHFWV ZHUH WKHQ PRYHG WR WKH ZLQG
WXQQHO URRP DQG LQGLYLGXDO FDJHV ZHUH SODFHG
LQYHUWHG WR SUHYHQW HVFDSH DW WKH VLGH RI WKH
ZLQG WXQQHO WR DOORZ D SHULRG RI DFFOLPDWLRQ WR WKH
FRQGLWLRQV WKHUHLQ 'XULQJ EHKDYLRUDO WHVWLQJ D
ILOWHU SDSHU GLVF ORDGHG ZLWK DQ RGRU EOHQG ZDV
DWWDFKHG WR DQ DOOLJDWRU FOLS RQ D PHWDO URG DQG
LQWURGXFHG WR WKH ZLQG WXQQHO VXFK WKDW WKH RGRU
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661






VRXUFH ZDV  P XSZLQG IURP WKH PRWK µWDNHRII¶
SODWIRUP DQG  FP DERYH WKH ZLQG WXQQHO IORRU
7KH WDNHRII SODWIRUP ZDV ORFDWHG  FP XSZLQG
IURP WKH H[KDXVW YHQW FHQWUDOO\ SODFHG WR
LQWHUVHFWWKHSKHURPRQHSOXPH
:LQG WXQQHO DVVD\V ZHUH XVHG WR GHWHUPLQH DQ\
HIIHFW RI SK\VLRORJLFDOO\ DFWLYH KDLUSHQFLO RGRUDQWV
RQ PDOH IOLJKW UHVSRQVHV WR IHPDOH VH[
SKHURPRQHV 6SHFLILFDOO\ 2$F DQG 2$F
ZHUH WHVWHG EXW QRW =±2$F DV LWV EHKDYLRUDO
UROH LQKLELWRU\ KDV EHHQ GHVFULEHG SUHYLRXVO\
9LFNHUV DQG %DNHU  &RQWURO WULDOV ZHUH
FRQGXFWHG XVLQJ D PL[WXUH RI  ƫJ =±$OG 
 QJ =±$OG >µH. virescens PL[¶ D NQRZQ
DWWUDFWDQW IRU PDOH H. virescens@ DGPL[HG RQ FP
GLDPHWHU ILOWHU SDSHU GLVFV 1R  :KDWPDQ
3RSH HW DO  9HWWHU DQG %DNHU  7R WHVW
WKH HIIHFWV RI KDLUSHQFLO RGRUDQWV 2$F DQG
2$F ZHUH DGPL[HG ZLWK WKH µH. virescens
PL[¶ RQ ILOWHU SDSHU GLVFV DW LQFUHDVLQJ GRVDJHV
 QJ  QJ DQG  ƫJ RU   DQG  UHODWLYH
WR WKH FRQFHQWUDWLRQ RI =±$OG LQ WKH
PL[WXUH +H[DQH ZDV HYDSRUDWHG IURP ILOWHU
SDSHU LQ WKH IXPH KRRG EHIRUH WHVWLQJ
([SHULPHQWV ZHUH FRQGXFWHG ZLWK JURXSV RI
± LQVHFWV SHU GD\ $ VLQJOH
RGRUFRQFHQWUDWLRQ WUHDWPHQW ZDV WHVWHG HDFK
GD\ DORQJ ZLWK ± LQVHFWV IORZQ WR WKH FRQWURO
SKHURPRQHPL[WXUH
)RU HDFK WULDO PRWKV ZHUH UHOHDVHG E\ LQYHUWLQJ
WKHLU FDJH DQG SODFLQJ LW RQ WKH µWDNHRII¶ SODWIRUP
WR SHUPLW WKH PRWK WR H[LW ,QVHFW DFWLYLW\ ZDV
TXDQWLILHG XVLQJ WKH IROORZLQJ EHKDYLRUDO
VHTXHQFH
7DNH )OLJKW 0RWK µDFWLYDWHV¶ EHJLQV ZLQJ IDQQLQJ
DQGHQJDJHVLQIOLJKW
8SZLQG )OLJKW 0RWK ORFDWHV SOXPH DQG EHJLQV
FKDUDFWHULVWLF FRXQWHUWXUQLQJ IOLJKW WRZDUGV
RGRUVRXUFH
FP 0RWK FRQWLQXHV XSZLQG FRXQWHUWXUQLQJ
IOLJKW EH\RQG KDOI WKH GLVWDQFH EHWZHHQ WKH
WDNHRIISODWIRUPDQGWKHRGRUVRXUFH
FP 0RWK FRQWLQXHV XSZLQG FRXQWHUWXUQLQJ
IOLJKWWRZLWKLQFPRIWKHRGRUVRXUFH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
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WKHPLFURJUDSKV'RUVDO DPHGLDO M6FDOH%DUV ƫP
6RXUFH&RQWDFW0RWKODQGVRQWKHRGRUVRXUFH
3HUFHQWDJH RI PDOHV HQJDJLQJ LQ HDFK EHKDYLRUDO
VWHS ZHUH FRPSDUHG XVLQJ D Ƶ  [  WHVW RI
LQGHSHQGHQFH ZLWK <DWHV¶ FRUUHFWLRQ 5HVXOWV ZHUH
FRQVLGHUHG VWDWLVWLFDOO\ VLJQLILFDQW LI S 
6RNDODQG5RKOI
Results
6FUHHQLQJ RI YDULRXV KDLUSHQFLO FRPSRQHQWV
WKURXJK VLQJOH VHQVLOOXP UHFRUGLQJ UHYHDOHG D
VHQVLOOXP µW\SH¶ FRQWDLQLQJ DQ ROIDFWRU\ UHFHSWRU
QHXURQ WKDW UHVSRQGHG VHOHFWLYHO\ WR 2$F
2$F DQG =±2$F Q    )LJXUH 
8QLIRUP VSLNH DPSOLWXGHV IURP UHFRUGLQJV
VXJJHVWHG WKDW WKLV VHQVLOOXP KRXVHG D VLQJOH
ROIDFWRU\ UHFHSWRU QHXURQ $ VLQJOH UHFRUGLQJ ZDV
PDGH IURP D VHQVLOOXP W\SH FRQWDLQLQJ DQ
ROIDFWRU\ UHFHSWRU QHXURQ WKDW UHVSRQGHG
H[FOXVLYHO\WR2+Q 
7KH ROIDFWRU\ UHFHSWRU QHXURQ SUHVHQW LQ WKH
DFHWDWHVHQVLWLYH VHQVLOOXP UHVSRQGHG LQ D SKDVLF
PDQQHU WR UHSHDWHG VWLPXODWLRQ )LJXUH $
'RVDJHUHVSRQVH FXUYHV LQGLFDWHG WKDW WKH
ROIDFWRU\ UHFHSWRU QHXURQ ZDV PRVW VHQVLWLYH WR
=±2$F IROORZHG E\ 2$F DQG 2$F DW
 ƫJ  ƫJ DQG  ƫJ VWLPXOXV
FRQFHQWUDWLRQV )   S )LJXUH
% 'RVDJHUHVSRQVH ZDV VLPLODU IRU 2$F DQG
2$F DW DOO FRQFHQWUDWLRQV WHVWHG H[FHSWLQJ
 ƫJ )LJXUH  1R UHVSRQVH ZDV QRWHG WR
FRQWURO VWLPXODWLRQ ZLWK KH[DQH DORQH
)XUWKHUPRUH WKHVH VHQVLOOD ODFNHG D UHVSRQVH WR
=±2+ DQG ZHUH WKHUHIRUH GLVWLQFW IURP
µ7\SH &¶ VHQVLOOD SUHYLRXVO\ GHVFULEHG IURP WKLV
VSHFLHV H. virescens 7\SH & VHQVLOOD FRQWDLQ WZR
ROIDFWRU\ UHFHSWRU QHXURQV RQH VHQVLWLYH WR
=±2$F DQG D VHFRQG VHQVLWLYH SULPDULO\ WR
=±2+ DQG ZHDNO\ WR =±$OG $OPDDV DQG
0XVWDSDUWD  %DNHU HW DO  %HUJ HW DO
 0RUHRYHU 7\SH & VHQVLOOD ROIDFWRU\
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661




UHFHSWRU QHXURQV DUH QRW VHQVLWLYH WR HLWKHU
2$FRU2$FXQSXEOLVKHGREVHUYDWLRQV
&REDOW O\VLQH VWDLQLQJ RI ROIDFWRU\ UHFHSWRU
QHXURQV ZLWKLQ WKLV W\SH RI VHQVLOOXP UHYHDOHG
FRQVLVWHQW D[RQDO SURMHFWLRQV WR D JORPHUXOXV QHDU
WKH EDVH RI WKH DQWHQQDO QHUYH 1  VWDLQV
DWWHPSWV )LJXUH  7KLV JORPHUXOXV ZDV VLWXDWHG
PHGLDO DQG GRUVDO WR WKH PDFURJORPHUXODU
FRPSOH[ LQ D SRVLWLRQ FRUUHVSRQGLQJ WR
JORPHUXOXV  GHVFULEHG LQ WKH PDOH H. virescens
DQWHQQDO OREH DWODV %HUJ HW DO  7KH
SK\VLRORJLFDO UHVSRQVH DQG JORPHUXODU SURMHFWLRQ
RI WKLV KDLUSHQFLOVHQVLWLYH ROIDFWRU\ UHFHSWRU
QHXURQ FRUUHVSRQGHG ZLWK D VHQVLOODU W\SH SUHVHQW
LQ IHPDOH H. virescens W\SH  ZKLFK UHVSRQGHG
VHOHFWLYHO\ WR 2$F 2$F DQG =±2$F DQG
DOVR SURMHFWHG WR D JORPHUXOXV  DFFRUGLQJ WR
WKH IHPDOH DQWHQQDO OREH DWODV %HUJ HW DO 
QHDU WKH EDVH RI WKH DQWHQQDO QHUYH +LOOLHU HW DO
 )LJXUH
:LQG WXQQHO H[SHULPHQWV LQGLFDWHG WKDW DGGLWLRQ
RI 2$F RU 2$F WR D V\QWKHWLF IHPDOH
SKHURPRQH DWWUDFWDQW PL[WXUH  RI
=±$OG DQG =±$OG SURGXFHG D VLJQLILFDQW
GHFUHDVH LQ XSZLQG IOLJKW DQG FRQWDFW ZLWK D ILOWHU
SDSHU RGRU VRXUFH )LJ $% 0DOH PRWKV
VKRZHG DQ RYHUDOO UHGXFWLRQ LQ DFWLYDWLRQ DQG
SUHPDWXUHO\ FHDVHG XSZLQG IOLJKW ZKHQ IROORZLQJ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH WKH RGRU SOXPH 7KLV HIIHFW ZDV
FRQFHQWUDWLRQGHSHQGHQW IRU ERWK KDLUSHQFLO
FRPSRQHQWV 5DWLRV RI 2$F DQG 2$F DV ORZ
DV  DQG  UHVSHFWLYHO\ RI WKH SULPDU\
RGRUDQW LQ WKH PL[WXUH ƫJ =±$OG ZHUH
HIIHFWLYH LQ VXSSUHVVLQJ IOLJKW EHKDYLRU DQG VRXUFH
ORFDWLRQ
Discussion
7KHVH 5HVXOWV SURYLGH WKH ILUVW GHVFULSWLRQ RI DQ
ROIDFWRU\ VHQVLOOXP SUHVHQW RQ D PDOH LQVHFW
VHQVLWLYH WR LQWUDVH[XDO RGRU FXHV H. virescens
PDOH KDLUSHQFLO RGRUV PD\ IXQFWLRQ DV DQ
DQWLDSKURGLVLDF GXULQJ FRXUWVKLS UHSHOOLQJ
FRPSHWLQJ FRQVSHFLILF PDOHV DV XSZLQG IOLJKW WR
V\QWKHWLF IHPDOH VH[ SKHURPRQH LV LQKLELWHG E\
FRLQFLGHQW SUHVHQWDWLRQ RI 2$F DQG 2$F
7KH SUHVHQFH RI XQLJORPHUXODU SURMHFWLRQV DQG
XQLIRUP VSLNH DPSOLWXGHV DOVR VXJJHVWV WKDW WKLV
VHQVLOOXP KRXVHV D VLQJOH
2$F2$F=±2$F VHQVLWLYH ROIDFWRU\
UHFHSWRU QHXURQ WKDW SULQFLSDOO\ UHJXODWHV WKLV
EHKDYLRUDO HIIHFW ,W LV SRVVLEOH WKDW DGGLWLRQDO UDUH
VHQVLOODU W\SHV KRXVLQJ DGGLWLRQDO ROIDFWRU\
UHFHSWRU QHXURQV VXFK DV WKH VLQJOH 2+
VHQVLWLYH VHQVLOOXP DUH DOVR SUHVHQW RQ WKH
DQWHQQD VHQVLWLYH WR WKH KDLUSHQFLO RGRUDQWV
WHVWHGEXWQRRWKHUVZHUHQRWHGLQWKLVVWXG\
:KHQ FRPSDULQJ WKH VHQVLWLYLW\ RI WKLV ROIDFWRU\
UHFHSWRU QHXURQ WR HDFK RI WKH WHVWHG RGRUDQWV
)LJXUH % LW LV LPSRUWDQW WR FRQVLGHU WKHLU
UHODWLYH YRODWLOLWLHV )LOWHU SDSHU FDUWULGJHV ZHUH
ORDGHG DW VLPLODU FRQFHQWUDWLRQV KRZHYHU WKH
UHODWLYH PROHFXODU ZHLJKWV DQG YDSRU SUHVVXUHV
ZLOO DIIHFW WKH HPLVVLRQ UDWHV DQG YROXPH RI
RGRUDQW GHOLYHUHG LQ HDFK VWLPXOXV µSXII¶ &RVVp HW
DO  2$F KDV D FRQVLGHUDEO\ ORZHU YDSRU
SUHVVXUH [ï PP +J WKDQ HLWKHU 2$F
[ï PP +J RU =±2$F [ï PP
+J DQG WKHUHIRUH ZDV GHOLYHUHG DW D PXFK ORZHU
FRQFHQWUDWLRQ UHODWLYH WR LW ORDGLQJ LQ WKH VWLPXOXV
FDUWULGJH .RXWHN HW DO  3K\V3URS 2QOLQH
 7KHUHIRUH WKLV ROIDFWRU\ UHFHSWRU QHXURQ
LV PRVW OLNHO\ SULPDULO\ VHQVLWLYH WR 2$F DQG
VHFRQGDULO\ WR 2$F=±2$F EDVHG RQ
GRVDJH UHVSRQVH FXUYHV )LJXUH  7KLV LV IXUWKHU
VXSSRUWHG E\ WKH ZLQG WXQQHO DVVD\ ZKHUHLQ
DQWDJRQLVP RI XSZLQG IOLJKW ZDV PRUH
SURQRXQFHG LQ FRQMXQFWLRQ ZLWK 2$F
SUHVHQWDWLRQ )LJXUH  ,W UHPDLQV XQFOHDU
KRZHYHU ZKHWKHU 2$F RU 2$F LV PRUH
LPSRUWDQW LQ PHGLDWLQJ PDOHPDOH LQWHUDFWLRQV
DV WKH FRQFHQWUDWLRQ RI 2$F LV PXFK KLJKHU LQ
PDOH H. virescens KDLUSHQFLO JODQG H[WUDFWV WKH
QDWXUDO FRQFHQWUDWLRQ RI HDFK LQ DLUERUQH HIIOXYLD
LVXQNQRZQ 7HDODQG7XPOLQVRQ 7DEOH
7KH SUR[LPLW\ RI WKLV JORPHUXOXV WR WKH
PDFURJORPHUXODU FRPSOH[ PD\ HQDEOH LQWHJUDWLRQ
DQG FURVVJORPHUXODU LQWHUDFWLRQV EHWZHHQ
JORPHUXOL GXULQJ SURFHVVLQJ RI DWWUDFWLYH
RGRUDQWV VXFK DV =±$OG RU =±$OG DQG
DQWDJRQLVWLF FXHV VXFK DV WKRVH LQ WKH KDLUSHQFLO
EOHQG 3UHYLRXV VWXGLHV KDYH IRXQG WKDW
=±2$F DQ DQWDJRQLVWLF RGRUDQW UHOHDVHG LQ
WKH SKHURPRQH EOHQGV RI FORVHO\ UHODWHG VSHFLHV LV
SURFHVVHG LQ DQ DQWHURPHGLDO JORPHUXOXV RI WKH
PDFURJORPHUXODU FRPSOH[ )LJXUH  9LFNHUV HW DO
 (YLGHQFH IURP WKH FXUUHQW VWXG\ QRZ
LQGLFDWHV WKDW DW OHDVW WZR JORPHUXOL LQ UHODWLYHO\
FORVH SUR[LPLW\ DUH DFWLYDWHG E\ WKH SUHVHQFH RI
=±2$F 7KLV JORPHUXODU RUJDQL]DWLRQ PD\
UHSUHVHQW DQ LPSRUWDQW IDFHW LQ WKH JHQHUDO
FRPELQDWRULDO FRGLQJ RI =±2$F WKURXJK
DFWLYDWLRQ RI ERWK JORPHUXOL VLPXOWDQHRXVO\
$OWHUQDWLYHO\ =±2$F PD\ EH LPSRUWDQW WR
PDOH H. virescens XQGHU GLIIHUHQW EHKDYLRUDO
FRQWH[WV DQG KHQFH LV UHSUHVHQWHG ZLWKLQ WZR
GLVWLQFWORFDWLRQVLQWKHDQWHQQDOOREH
7KLV VWXG\ DOVR SUHVHQWV WKH SRVVLELOLW\ WKDW LQ WKLV
VSHFLHV D IXQFWLRQDO GLYLVLRQ RI WKH DQWHQQDO OREH
H[LVWV ZKHUHLQ JORPHUXOL QHDU WKH EDVH RI WKH
DQWHQQDO QHUYH VHUYH WR SURFHVV RGRUV SURGXFHG
E\ ERWK PDOHV DQG IHPDOHV 7KH IXQFWLRQDO UROH RI
WKH VH[XDOO\ GLPRUSKLF PDFURJORPHUXODU FRPSOH[
VWUXFWXUH LQ DOO PRWK VSHFLHV DSSHDUV WR EH IRU
SURFHVVLQJ IHPDOH VH[ SKHURPRQHV DQG RGRUDQWV
SUHVHQW LQ WKH EOHQGV RI RWKHU V\PSDWULF VSHFLHV
&KULVWHQVHQ DQG +LOGHEUDQG  +DQVVRQ DQG
&KULVWHQVHQ  2XU FXUUHQW 5HVXOWV VXJJHVW
WKDW D VXEJURXS RI JORPHUXOL DW WKH EDVH RI WKH
DQWHQQDO QHUYH LQFOXGLQJ WKH PDFURJORPHUXODU
FRPSOH[ PD\ EH UHVSRQVLEOH IRU SURFHVVLQJ ERWK
PDOH DQG IHPDOH SURGXFHG SKHURPRQHV :KHUHDV
WKH PDFURJORPHUXODU FRPSOH[ LV OLNHO\ D GHULYHG
VWUXFWXUH UHJLRQDO VSHFLDOL]DWLRQ RI LVRPRUSKLF
JORPHUXOL QHDU WKH EDVH RI WKH DQWHQQDO QHUYH PD\
EH WKH DQFHVWUDO VWDWH IRU PDFURJORPHUXODU
FRPSOH[ GHYHORSPHQW +DQVVRQ DQG &KULVWHQVHQ
 )XUWKHUPRUH WKLV SURYLGHV DQ LQGLFDWLRQ RI
VSHFLDOL]DWLRQ RI JORPHUXODU FOXVWHUV WKURXJKRXW
WKH DQWHQQDO OREH ZKHUHLQ JORPHUXOL UHFHLYLQJ
LQSXW IURP RGRUV RI D VLPLODU EHKDYLRUDO PHDQLQJ
HJ PDOH DQG IHPDOH SKHURPRQHV KRVW SODQW
RGRUV PLJKW EH ORFDOL]HG LQ FORVH SUR[LPLW\
ZLWKLQWKHDQWHQQDOOREH
3K\VLRORJLFDO DQG DQDWRPLFDO VLPLODULWLHV ZHUH
IRXQG EHWZHHQ PDOHV DQG IHPDOHV LQ WKH RGRUDQW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH UHVSRQVH DQG D[RQDO SURMHFWLRQ SDWWHUQV RI
ROIDFWRU\ UHFHSWRU QHXURQV ZLWKLQ WKLV VHQVLOOXP
W\SH :H KDYH SUHYLRXVO\ LGHQWLILHG D VHQVLOODU
W\SH RQ IHPDOH H. virescens ZKLFK FRQWDLQHG DQ
ROIDFWRU\ UHFHSWRU QHXURQ UHVSRQVLYH WR 2$F
2$F DQG =±2$F W\SH  DQG SURMHFWHG WR
D JORPHUXOXV QHDU WKH EDVH RI WKH DQWHQQDO QHUYH
)LJXUH  +LOOLHU HW DO  7KLV VXJJHVWV D
GHJUHH RI KRPRORJ\ LQ SHULSKHUDO DQG FHQWUDO
SURFHVVLQJ RI WKHVH KDLUSHQFLO RGRUV EHWZHHQ WKH
VH[HV 7KLV UHVXOW FRQFXUV ZLWK WKH RYHUDOO
VLPLODULW\ LQ DQWHQQDO OREH VWUXFWXUH REVHUYHG
EHWZHHQ VH[HV LQ WKLV VSHFLHV DQG ZLWK UHVXOWV
IURP LPDJLQJ VWXGLHV WKDW KDYH GRFXPHQWHG
VLPLODU RGRUHYRNHG DFWLYDWLRQ SDWWHUQV LQ WKH
DQWHQQDO OREH RI PDOH DQG IHPDOH PRWKV %HUJ HW
DO  6NLUL HW DO  *DOL]LD HW DO 
6LPLODU JORPHUXODU WRSRORJ\ EHWZHHQ PDOHV DQG
IHPDOHV PD\ SURYLGH DQ DQDWRPLFDO µEDVHOLQH¶ IRU
WKH GHYHORSPHQW RI VH[XDOO\ GLPRUSKLF DQWHQQDO
OREH VWUXFWXUHV VXFK DV WKH PDFURJORPHUXODU
FRPSOH[
,Q PDQ\ VSHFLHV RI /HSLGRSWHUD VXFK DV PHPEHUV
RI WKH $UFWLLGDH DQG 'DQDLGDH KDLUSHQFLO
FRPSRVLWLRQ LV UHODWHG GLUHFWO\ WR KRVW SODQW
FRQVXPSWLRQ DQG VHTXHVWUDWLRQ RI FRPSRXQGV
GXULQJ ODUYDO DQG DGXOW VWDJHV %LUFK DQG +HIHW]
 %HFDXVH RI WKH LPSRUWDQFH RI RYLSRVLWLRQ
XSRQ DSSURSULDWH KRVW SODQWV LQ PDQ\ RI WKHVH
VSHFLHV IHPDOHV DUH SUHGLFWHG WR KDYH SUHH[LVWLQJ
ROIDFWRU\ UHFHSWRU QHXURQ VHQVLWLYLW\ DQG D
EHKDYLRUDO DWWUDFWLRQ WR WKHVH YRODWLOHV %HUQD\V
DQG &KDSPDQ  +LOOLHU HW DO  ,Q H.
virescens KRZHYHU PDOH KDLUSHQFLO FRPSRVLWLRQ
LV PRUH VLPLODU WR IHPDOH H. virescens SKHURPRQH
FKHPLVWU\ WKDQ WKH NQRZQ FKHPLVWU\ RI KRVW
SODQWV 7HDO DQG 7XPOLQVRQ  .OXQ HW DO
 .OXQ HW DO  3RSH HW DO  5RHORIV HW
DO  7HDO HW DO  7XPOLQVRQ HW DO 
7LQJOH HW DO  9HWWHU DQG %DNHU 
7KHUHIRUH WKH UHODWLYH SUR[LPLW\ RI JORPHUXOL
SURFHVVLQJ PDOH DQG IHPDOH VH[ SKHURPRQHV
SURYLGHV HYLGHQFH WKDW WKH HYROXWLRQ RI WKH
DQWHQQDO OREH DQG PDFURJORPHUXODU FRPSOH[
RUJDQL]DWLRQ PD\ EH WLHG WR WKH HPHUJHQFH RI
ROIDFWRU\PHGLDWHG FRXUWVKLS EHKDYLRU LQ H.
virescens
,W LV QRWHZRUWK\ WKDW WKH EHKDYLRUDO RXWFRPH RI
GHWHFWLQJ WKHVH RGRUDQWV PLJKW EH UHODWLYHO\
VLPLODU EHWZHHQ WKH VH[HV ± DQ RYHUDOO
VXSSUHVVLRQ LQ DFWLYLW\ ,Q IHPDOH H. virescens
H[SRVXUH WR KDLUSHQFLO SKHURPRQH UHVXOWV LQ
TXLHVFHQFH WKDW IDFLOLWDWHV PDWLQJ LQ PDOHV LW
LQKLELWV XSZLQG IOLJKW WRZDUG D FDOOLQJ IHPDOH
+LOOLHU DQG 9LFNHUV 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GHVSLWHWKHEHKDYLRUDORXWFRPH
)RU WKH ZLQG WXQQHO DVVD\V DOLTXRWV RI 2$F
DQG 2$F ZHUH DSSOLHG DORQJ ZLWK WKH DJRQLVWLF
SKHURPRQH EOHQG GLUHFWO\ WR WKH ILOWHU SDSHU RGRU
VRXUFH UHVXOWLQJ LQ FRHPLVVLRQ RI SKHURPRQH
EOHQG DQG WHVW RGRUDQW 7KLV KRZHYHU PD\ QRW
SUHFLVHO\ UHSUHVHQW WKH QDWXUDO FLUFXPVWDQFH
ZKHUHLQ D FRXUWLQJ PDOH ZRXOG H[SRVH KDLUSHQFLOV
DGMDFHQW ± PP WR WKH FDOOLQJ IHPDOH
3UHYLRXV ZRUN RQ Helicoverpa zea KDV LQGLFDWHG
WKDW PDOH PRWKV H[KLELWHG ZHDNHU DQWDJRQLVP
ZKHQ DQ DQWDJRQLVW ZDV SUHVHQWHG RQ DQ DGMDFHQW
RGRU VRXUFH  PP XSZLQG RU GRZQZLQG
FRPSDUHG ZLWK DSSOLFDWLRQ RI DJRQLVWLF DQG
DQWDJRQLVWLF RGRUDQWV RQ WKH VDPH RGRU VXEVWUDWH
%DNHU HW DO 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RXWFRPHV ZLWK FRLQFLGHQW RGRU GHOLYHU\ WKDQ
WKRVHREVHUYHGKHUHLQ
7KLV GLVFRYHU\ SURYLGHV DQ LQVLJKW LQWR ROIDFWRU\
SURFHVVLQJ RI D PDOH VH[ SKHURPRQH E\
FRQVSHFLILF PDOHV DV ZHOO DV D SRWHQWLDO QHZ
SURVSHFW IRU PDQDJHPHQW RI H. virescens SHVW
SRSXODWLRQV
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